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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

THE DEVELOPMENT OF JET-ENGIHE NACELLES
~ FOR A HIGH-SPEED" BOMBER DESIGN

By Robert E. Dannenberg

- sumﬁy

The results of an experimenta] investigation made Tor
the purpoee of developing sultable Jet-engine nacelle deslgns-
for a hig?—speed medium -bomber are presented. Two types of
nacelles were investigated, the first enclosing two 00—
pound-—thrust Jet eng*nes and a 65—1nchpdiameter landinz wheel
and the second enclosing a single H0O0O-pound-thrust jet
engine, Both types of nacelles were tested in positilons
underslung beneath the wing and centrally located on the
WTing,

Thisg report summarizes the investigation.which wasg
performed at low speed for the purpose of developing entrance
and body shapes of suitable form. Included are results from
the highyspeed portion of the investlgation on the character-
istics .of an underslung nscelle,

The nacelleg developed show degirable aerodynamlce charac—
teristica. The pressure recovery of the internal flow at the
face of the compressgor is found to be greater than 90 percent
of the free—stream dynamic pressure for all. Tlight conditions
tested. The drag of sll nacellesg compares very favorably
with gimilar bodieg used for housing conventional ailr—cooled .
engines, the averasge drag coefflclent based on frontsl area
being approximetely 0.050, Locating the nacelle in an under-
"slung positlon beneath the wing resulted in an expected shift
of the angle—of-zero 1ift due to the adverse effects on the
gpan load distribution, Negligible adverse interference
effects on the maximum 1ift and pitching—moment character—
ilstics were experienced., The critical—compresslbility aepeed
for the combination of the wing and each nacelle is equal to
or above that of the plain wing at inlet-veloclty ratios

-— e war
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greater than 0.6,

INTRODUCTION

In order to utilize moast efficliently the research facili-
ties of the lsboratories of the National Advisory Committee
for Aeronesutics, the Air Technical Service Command of the
United States Army Alr Forces in announoin% a new design
competition for a medium jet-propelled bombardment airplane
conferred with members of the agtaff of the NACA to formulate.
a research program which would adeguately cover all research
needg assoclated with the bomber deslgn competition. The
various resgearch programsg needed to provide desgign informa-
tion were formulated in conferences at Wright Field, This
report presents a summary of the research concernlng the
development of satisfactory Jet-engine nacelles that was
underteken .at the Ames 7- by 10-foot and 1é—foot wind tunnels
by-W. F, Davie, G. Be MoGullough ¢. E, Allison, J. R. Pengal,
and the author, I _ oL ;

The nacellew Llnvestigated ﬁere_specified as follows:

A. A nacelle underslung beneath the wing housing two
1000-pound~thrust axial-flow jet engines and one
€5~inch-diameter landing wheel

. B. A nscelle centrelly.located on the wing encloging
two HOOO-pound—thrust exial-flow Jet engines and
a 6F—1noh~diameter landing wheel

C. A nacelle underslung beneath the wing enclosing one
"1000-pound~thrust axisl-flow jet engine

D. A nacelle centrally located on the Wing housing one
4000~poundrthrust axial-flow Jet engine

Views of these naoelles are shown in figure 1. ,

In developing the nacelles the following requirements
. Were outlined ag being necesgary for a- satisfactory deaign.

1. The arrengement of Jot engines and wheels to give
satisfactory aerodynamic characteristics without
introducing undesirable structural, meintenance,
or accesgibility problems Y
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The attainment of as high critical-compressibility
gpeed for the Wing—nacelle combination as for the
isoleted wing of the airplane

The attainment of low external drag tbroughout the
speed range -

The attainment of very low total-pressure losses in
the internsl-flow gystem up to the face of the Jet-
engine compressor and a uniform distribution of
velocity over the face of the Jet-engline compressor
at all operating conditions

Minimum lnterference effects of the nacelles on the
1ift and moment characteristics

SYMBOLS
1ift coefficient (L/qgS)
1ift force, pounds .
wing-penel srea, squsre feet

total drasg coef fficient (D/q8)

total drag force (sum of drag of wing panel nacelle
and. intake gir), pounds .

_ external drag coefficlent of nacelle (DF/QF)

external drsg force of nacelle (difference petween
totel drag and sum of wing-panel and intake-ailr
drag forces), pounds .

frontel area of neeelle gguare feet

free—stream dynamic pressure (%pv 3), pounds per
square foot 3

free—sbtream velocity,-feet per second

mags density, slugs per cublec foot
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o ~ - angle of attack baéea on -wing chord line, degrees -
c chord of wing panel ét tunnel center line, feet
Gmc/4 piiiﬁénggmgﬁg;tpggzifi?ﬁent/about quarter-chord

- ol 4
Moo Diggging moment about the quarter—chord line, pound-
Moy critical Maoh number‘ R )
Vy velocity of air at duct entrance feet per éecond

vi/vo inlet~velocity ratio

P - pregsure coefficient [(pq_p)/q 3
D free-gtream static prgsspre!_ppunds per square foot
231 local stayic pressure pounds per square foot

DESCRIPTION OF MODEL AND APPARATUS

The wing penel with the various nacelles was mounted
verticslly in the Ames 7- by 10-foot wind tunnel so that the
gpan extended acrogs the 7-foot dimension of the test sectlion
ag indicated in figure 2, The model wing panel represented a
scaled portion of the span of a typical high-speed bomber
alrcraft with an untwisted wing of aspect ratio 9.0 and a taper
ratio of 2.5 to 1.0« Figure 3 shows a sketch of this airplene
with the portion of the span used for the model tests designated,
An NACA 651-210 airfoil section was used. The wing panel area
wag 22,802 gquare feet while the chord at the tunnel center
line was 3.359 fect.

A model scale of 00,2166 was used which corresgponded to
an sirplane ginan of 116 feet. _The center lines of the nacelleg
Were located 13.35 pércent of the wing span outboard from the
plane of symmetry of the full-scale wing, The model was
equipped with both 25-percent-chord glotted flaps and 30—percent—
chord split flapse. = . . _
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All nacelles in the series were mounted in the same -~ ...
relative position on the wing, Alr uas drawn through ‘the .
inlet ducts of easch model by .an aircraft-tyne sunercharger
that was located outside the test chamber, - The .air fTlowed
through the inlet ducts into a plenum chamber in.the center
of eath necelle as ghown in figure 2' from there-it wasg.
drern. through the hollow spar of th uing, then: through a
mercury seal that isolated the dacting from the scale system
and finally into the supercharger. -

The quantity of air floving through the internsl-duct
eystem was measured by the presaure drop acrosg a cslibrated
orifice and controlled by a throttle, The measurements of
the internal-duct lossges and the velocity distribution ‘at
the face of each compregsor were measured by a rake consigt- .
ing of 36 total-preesure and L static-pressure .tubes connected
to an integrating manometer. The pressure- distribution over
critical sections of the. nacelle was measured by flush—type
orifices that were connected %o multijle—tube manometers and
photogranhinally recorded, : . : .-

Design of Necelle

The design- of each nacelle '?s based nrimerily on ﬁhe..
location:of the internal members \ jet engine and landing
wheel) with respect to the wing., The jet engineg of the two-
unit necelles were placed well forwsrd on the wing to-aid in
providing proper balance to the alrplane, Their forward
position wag limited however, for the tail Dipes could not
be of such length as to cause excegslve losses in engine
thrust., As references 1 ‘'and 2 showed the advantage of &
cusped—type outlet, the landing wheel was retracted into a
forward portion of’ the nacelle to gllow the afterbedy to
taper more graduslly and the center of gravity of the landing
gear to be forward during normal fiight. To obtain the.
cusped-type afterbody shape it was necessary to curve the tail
Pipes glightly to form contiguous tail-pipe exits.

In désigning the external shape of the nacelles, the y
frontal and surface greas were kept as small as possible,
These arees rere determined to a certein extent by the
pressure distribution that was required. ., The forebody of
each nacelle was designed to produce a distribution of

velocity along the nacelle and over. the 1lips which would give )

no localized velocity neaks. Based on the resgults of
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references l and 2 a lin shape wag selected with a 1ip radius
of approximately’ 0.005 times necelle chord ahd cambered as
indicated from the references. Uontracting the lines of the
internal duct slightly aft of the 1lip nrevented stalling of
the flow from' the inner -gurfece at high angles of attack and
permitted very high pressure recoveries for all operating
conditions. The elliptical—type noge entrance ‘was used on L
the two-uhlt nacelles as it made possible a moré uniform - T
distribution of camber and thickness about thé periphery of
the noge inlet than was posslble with gepareste circuler or
rectangtilar entrances.

In the vicinity of the wing the 1ongitudina1 curvature

of eech nacelle failred into the main body of constant cross—
section., The general body linea were selected %to give constant
crogs-section area for the central section of 'esch nacelle %o
minimize. the incremental veloditiesg over the nacelle in the -
region of the wing. The ghape of’ the afterbody was designed
to avoid severe adverse pregsure gradients and tapered down
to a cusped outlet (reference 1). -

The inlet area of each-duét entrance wasg desgigned for a
high-speed inlet~velocity ratio of 0,6 which would meet.the
air-flow recguirement of each engine’ at a true airspeed of
550 miles per hour at an altitude of 40,000 feet.  This. value
of the inlet—velocity ratio was selected (reference 2) becauae
1t was high enough to prevent the formation of low-pressure
regions on the external gurfaces of the duct lips and still
-permit a high internal pressure- reeovery. The twin—unit
inteke ducts separate from a common entry at the nose of the
nacelle and expand at a conatant rate ih an expansion ratio
of 1:1,2 from a semielliptical entrance ghape to a circular .
geoction at the compressor inlet. The’ single-engine nacelles . Cee
have the seme expansion ratio with a clrcular inlet shape. '

The expansion ls gradual and there are no sharp benda in the
ducts so that separation of the internal flow is’ avoided. The
detail of the internal duct systeme is shown in the cubtaway
drawings on.filgurea 1 and 2. _

The body 1lines of each nacelle were sketched about’ the
wing end internal members. In arder to betfer visualize the
proposed nhacelle shape a gmall “ooden model of the _ving, Jet
englines, and landing Tr'heej. wag assembled to scale and é¢overed
with modeling cley. ‘The clay was faired %o the proposed body
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lines to permit a vlisusl examination of the nacelle shape,
The smsll models were of particular aid in developing the
fairing from the wing trailling edge to the nacelle after—
body. After the nacelle lines were developed with the
designed 1llp radius, cambered forebedy, straight center
gectlion and cusped afterbody, the five control lines were
matched with second-degree curves by the proper sgelection-
of the control points as explained in the appendix. The
ﬁontrol line drswinge for the nacelles are shown in figures
to 7.

. - TESTS

All the data have been corrected for fluld compressi-
bility and for tunnel-wall Iinterference on the wing panel, .
The tare forces resulting from the gkin-friction drag of the
wind—tunnel stream flowing across the end plates of the model
and from leakage about the end plates have not been measured
and are included in the fo*ce—test data because they are small
and would have no effect uvupon the incrementel forces caused
by the sdditlon of a nacelle to -the wing. The test results
are pregented for a Mach number of 0,1l and a Reynolds number
of approximately 3,400,000 based upon the chord of the wing
panel at the tunnel center line, 40,310 inches. A4ll test
results were obtained with a tail cane instslled zg shown in
Tigure 2, :

The external drag of each nacelle was obtained by
subtracting the drag of the wing panel and the drag of the
internel flow system from the totel drag as measured by ths
wind-tunnel scale system., The internsl drag was computed
from the measurements of the quantity of alr flowing through
the duet system by the methed of reference 1, It may be -
seen readily that as the wing and internal drsg forces ars
large in comparison with the total dreg force, any inaccuracy
in measurement would appear as a large proportion of the
external drag forece, In order to reduce this error to a
minimum, particular care was taken in cobtaining all drag
meagurements; and the accuracy of the external nacelle drag,
basged upon its frontal area, vas within t5 percent.

' The,constriction effects resulting from the large slze
of the two-unit nacelles relative to the tunnel size were
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estimated from reference 3 to have resulted in about a 3-percent
error in the dynamic pressure. The effect of air induction into
the nacelle nose alac caured.an error in the dynamioc presesure
which was of approximately the same magnitude, but of onpoeite
glgn. .As these two correctionsg tended to compensate each other,
no correction wae made for either.,

RESULTS AND DISCUSSION
Thid report summarizeg the results of teste encountered
in the deslgn of nacelleea .for installation on a thin, low-drag
high—critical—epeed wing. . In applying the test resuits to the
design of a nacelle, the limitationa of the wind tunnel must be
taken into aocount. The effect of three-dimensional flow upon
the entire wing will change the incremental velues, partic-

ularly in the high-1ift sftitudes where the stalling charac-
teriastics of the wing. panel will be different.

Lift Characteristics

The addition of the underslung nacelles to the wing panel,
flaps retracted, resulted in an increage in the angle of zero
11t and consequent logs in 1if%t at low angles of attack
whereas the centrally located nacelles.showed no abpreciable
change. However, the elope of the 1ift curve increasged
glightly for all’ nacelles. The change in the lift—curve
characterietics, shown in figure &, 1g aleo tabulated in
table I. The increment in maximum 1ift due to the elotted
flaps wag reduced by the eddition of the nacelles Dartly
becsuse of the decrease in flan apan (twin-unit nacelles)
and also becausge of the interference of the nacelles upon
the circulation about the wing. On a full-gcale airplane,
the airplene loss in 1ift would be reduced to about tvo—thir&s
of that shown in the wind~tunnel teets ‘as the wing »Danel
represents 64.6 percent of the eemiepan wing area. The 1ift
characteristice were found to be indenendent of the inlet—
velocity ratic.

The elight chsnge in the 1ift characteristics of the wing,
reeulting from the addition of the central nacellegs, indicates
that the spanwise 11ft distribution of thewlng wouldxemain
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elmogt unchanged, which is a desirable chsracteristic for
aerodynamic snd structural design. For the under—glung
nacelle, however, the incremental velocities add only to
the wing loverbsurface velocities decreasing the 1ift over
the portion of the wing affected by a nacelle. This
characteristic 1s undesirsble and should be reduced to a
minimum in order to remove the irregularity in the snen—
wige -load disgtribution. Modification of the wing adjacent
to the nacelles to give increased cember or choré or a
combination of both may be used to slleviate this condi-
‘bion-

To restore some of the maximum 1ift loss 6ue to.
necelles, slotted flap deflected, the clearance between
the aeflected flap and the &ide of the underglung necelle
was reduced to a minimim by extending the flap, resulting
in the increaged 1ift showm in figure 9., The oentral
nacelle maximum 1ift losses were reduced to negligible
amounts by the adféition of a simple split flap (fig. 9)
to bridge th cutout in the glotted flap and shaped to
it the contour of the necslle when in the retracted
position.

The 1ift charscteristics of the plain wing and nacelle
A with 30-percent-chord snlit flapsg are slso ghown in
figure 9, Reducing the clearance between the nacelle -and
the deflected flap to a minimum increased the maximum 1ift.

Drag Characteristics

‘The total drag polars of the verious wing-nacelle,

© combinationg sre shown in figure 10 for- gero lnlet-veloclty
ratlo. The drag characteristics, flaps deflected, are .
presented in figure 11. The external—drag coefficients of
the nacellesg, based on the frontsl aress given in table I,
are shown 1n figure 12 for verlous inflow rates.

The larse variation of the externsl drag of the under—
slung necelles ith angle of attack was caused by the change
in the span load distribution, 4s this effect is undeglrable
gstructurally. end aerodynamically, it 1s belleved that the
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condition may be imbfoved by extending the wing chord neer the
nacelle. - T R U .

Figure 13 was crogs—plotted to show the varlation of
nacelle drag with inlet-velocity ratio at angles of attack
corresponding to that for high-speed flight and climb. In the
range of normel flight velocities, the external drag of the
underslung nacelles remained below that of the central nacelles.
The effect of drawing air into the ducts of all nacelles was
to reduce the externsl drag. ' -

‘Pitching-Moment Characteristics

The effect of sll nacelles on the plain wing pitching-
moment characteristics was destablillzlng as shown in figure 1k,
The varliation in d0m7dGL ie tabuleted for all nacelles

in table I. Though this effect may be minimlzed by reducing

the length of nacelle ahead of the wing, the change may have
‘an adversge effect on the critical—-speed characteristics.

Internal Flow

The total presgure recovery at the face of the compressor
for the various nacelles was found to he satlisfactory, the-
presgure recovery being over 93 percent. of the dynamic _
pressure and the velocity distribution varying less than X2
percent., Both single-~unit nacelles obtained 10O0-percent
preggure recovery within the 1limit of accuracy of measurement
ag shown in table I, Theage low internal-flow logses were due
to the very small expsneion of the internal ducting, The
fact that the logses remained low over a wilde range of veloclty
ratlos through the angle-of-attack range showed the use of
large 1lip radii and shaping of the inner surface of the lower

1lip to be satisfactory.

It will be noted that no provisgion was made for bleeding
alr from the intake system for use in cooling the after-portion
of the motor. For these nacelles it is antlclpated that cool-
ing alr could be gupplied by small submerged duct entrances
on the gides or under—rurface of the nacelle body.
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Singlé—Unit Operation of a Two-Unit Nacelle

As long-range flight may require single-—unit operation
of a two-unit nacelle for maximum economy, one duct of
nacelle A was closged off by means of a solid plate insgerted
behind the rske, All-the alr then passed through the other
duct. The pressure recovery in this condition remained ..
unchanged at low inflow rated and dropped off but slightly
at high inlet veloclitieg; for an inlet-veloclity ratio of
1.20 the recovery was 9% percent. - The 1ift, drag, and
pitching—~moment characteristics remalned unchanged from
that with duasl..operation.

Pressure Distribution and Eatimated Critical Speed

The pregsgure distribution over the corresgponding -basic
lines of each nacelle {upper and lower center lines and
meximum half-breadth line) was found to be so gimilar that
all were revregented by a gingle typicsl curve at a gliven
inlet—veloclty ratio. The estimated criticsal speed charac- .
teristics for the external 1lips (first 10 percent. of nacelle
length) are shown in figures 15(a), 16(a), and 17(a), while’
representative presgure-distribution curves are given in
figurea 15{b) to 17(b) for various angles of attack. The
criticel .Mach number characteristics have been estimated -
from the low—gpeed preegure distribution by the method: of .
reference 4, which is applicable to two~dimensional flow
only. However, the devietlon from the more precise theory
(reference 5) is negligible for bodies of fineness ratios
of the order used for the nacelle while 1%t is believed that
the 1ip shapes and camber used on the nacelles are about the ,
optimum, some decrease in 1lp camber msy be permitted without
serious effectas. : :

" The typical presesure digtribution over the nacelle is
presented in figures 15(c) to 17(e¢), while the estimated
criticel Mach number variation;is-sﬁdwn in figures 15(d) to
17(d). As.no gevere adverse pressure gradients oceourred
over any nacelle' forepody- for the normal high-speed flight
range and as the critical-—compresgibility sgpeeds at inlet—.
veloclity rafios greater than Oe6 were in general above that
of the plain wing, the nacelle design was considered satis-
factory.. ' T ' S

v
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The measured pressure distribution (figs. 18 and 139) for
the wing-nacelle Juncture for all nacelles was independent
of inflow rate. marked decrease in the lift-coefficient.
range for high critical speed compared to that for the wing
wag noted. nalysies of the flow around prolate spherolds
showed this to be due to the fact that the Juncture airfoil
sectlons experience an ahgle-of-attack change gppreciably
greater than the geometric angle—~of-attack change given the
wing. This results in the early formation of pressure peaks
on the nosgse of the jJjuncture =2lrfoll sectlons with a conse~
quent premature rapid decrease in the egtimated critical
speed.. . e - . i

In order to eliminete .this pressure peak the nacelle-
wing Juncture of nacelle A was fillsted at the leading edge
of the Juncture sectlon so that, in plen form, the Juncture
gection becomes of greater chor& a8 the nacelie ie approached,
Figure 18 shows drawings of the Juncture in its besic and
modified form. The effect of the fillet on the pressure
distribution of the juncture is also shown. It should be
stated that nose presgure peaks in the Juncture are quite
locallzed and are in a generally favorable pressure gradient.
The effect of this local peak on the drag of the wing-nacells
combinatlion cannoct be estimated. ' - '

The addition of the centrally lotated nacelles to the
wing redulted in ‘an appreciable lncrease in the minimum— .
_pressure peak of the wing at 50-percent wing chord. - This

reduced the. critical speed of the combination below that of
the wing even at the high-gpeed 1ift coefflcients. The use,
of long-chord fillet alrfoll scctlons reduced the adverse
influence of the nacelle on this pressure pesk (fig, 19).

' H;gh—speed Tegté

The twin-unit necelles were invesgtigated in the Ames
16-foot high-speed wind tunncl, Some of the high-speed
characteristics of nacelle A are pregented in figure 20 in
order to show a brief comparison between the law-speed
estimeted critical Mach number charscteristics and the
~actual high-speed results, It may Ye noted thet the
pregence of the nacelles had no sappreciable effect on the
Mach number for drag divérgence compared to the basic wing-
fuselage combination.. The only appreciable effect of the

13
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nacelles is to steepen the rise of the drag curve after the
Mach number for divergence 1g reached. Nacelle B exhibited
high-speed characteristics similar to those of nacelle A,

GONCLUSIONS

The results of tests of the sﬁecific nacelle designs for
the high-speed bomber competition show. the following:

1. Low external drag (Cpp~0.050 based on frontal area)

for all nacelles, a value comparable vith the best radial-
engine nacelles-_ .

2. Desirable critical—speed cheracteristics for the
twvo—~unlt necelles with negligible effect. on the Mach number
for drag divergence but with gome steepening of the drag
coefficient rise after the Mach number for diverzence is
resdched

Se Negligibla effects on 1ift characteristics of the ~-
wing for the centrally locahted nacelles snd an undesirable
but expected ghift of the anzle of ZEero 11ft for the under—
slung nacelles .
L, Small destabilizing pitching—moment effects for all
nacellesg Lo .- ' :

5. - Excellent 1ntcrnalyflow characteristics -

- 6, Oritical-compressibility apeed cf'the W*ng'snd each
nacelle .equal to or better than the 10~percenﬁ-tbick wing
at inlet-velocity ratios greater than 0.6 -

Ames Aeronautical Laborstory, '
National Advisory Committee for Aeéronautics,
hoffett Field, Calif, .
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APPENDIX
LOFTING PROGEDURE

The control lineg used in the construction of each nacells
shown in figures: 4 to 7 were developed by use of the methodsg of
conic lofting described in reference 6. The use of conic
development was advantageous as 1t allowed a rapid, accurate
duplication of the original design to any scale and assured .
true falirnese of all of the surfaces ag.the rate of change of
curvature at any »noslition on the body was continuous.

In designing the various nacel]es three basic or control
lines, the upper and lower center lines (elevation) end the
maximum helf-breadth line {(plan) were first free-faired to
it about the Jet motor and internal-flow sgsystem with the
deglgned 1lip radius, required camber in the forebody, gtraight
center gection, and cusped afterbody. Upner and lower shoulder
develonment 11nes faired in disgonel plenes determined the
roundness of the longitudinal sectione and were gelected from
ingpection of the forebody and afterbody plan views., All five
development lines were then siatched as closely as possible with
gecond-degree curves by proper gelection of the control points,
The method used in determining a conic curve from control
pointe is ghown in figure 21, where, for example, by trene-
lation of the exes, point O trould qorreswond to the start
of the straight center ssction of & nacelle; point B and tangent
line AB would be determined by the intersection of the curve
and the lip 1eadirg—edge circle; and point D would be g required
polnt on the curve., ' Thus, by selecting the origin of the axes
system a8 shown in figure 21(a), the solution for each of the
required curves wag found directiy by evolution of ths five
congtants. The basic dimensions of the control lines have been
selected to even hundredths of an inch, while the dimensions
that have besen derived from them were computed to ten-thougandths
of an inch,

The upner end lower center lines (elevation), the maximum
half-breadth 1ine (plan), and the upper end lower ghoulder
lines (body plan) oompletely define each nacelle shape, as all
nacelles were designed symmetrically about the center {ine
plane, By dividing the half gectliong of each nacslle into two
quadrantg, 1t was readlly seen that the upper quadrant was
determined by the upper center line, the upper shoulder line
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and the meximum half-breadth line. The lower dquadrant was
determined by the maximum half-breadth line, lower sghoulder
line, and lower center line. Thus, any intermedlate nacelle
statlion conbour was developed by the graphical construction
method shown in figure 21(b) where the points O, D,and B
represent the intersection of the station plene with the
upper or lower quadrants, ' -

1.
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TABIE I.~ SUMMARY OF NACELLE CHARACTERISTICS

Flaln

Model Wing A B C D

Type ——— | Underslung | Central Underslung | Central
Number of Jet englnes ———ae 2 2 1 1l
Number of wheels et 1 L 0 0
Frontal area, sq ft ———— 2.153% 2,039 .865 885
Total inlet area, aq £t ————— <259 . 259 .129 . 108
Jet motor area, 8q £% = | —=——m <145 145 +145 A5
Nacelle incidence, deg e ~1. -1.5 ~1.5 0
Nacelle length, in. — 8145 7720 71.22 e4.82
Maximum 11£t, O, 0.985 1.000 .980 1.n25 .990
Angle zero 11ft, deg -1l .1 -+9 — 4 -1.1
aop./do’ 1.015 1.110 1.155 1.125 1.0R5
acu/acy .010 .065 .08 016 .019
CDp, nacelle drag a = 0% LO47 Ol .068 054
based on frontel 10 ———— 042 Ol .058 .0

area, VifVo = 0.8 ] iy .02k 035 035 0
Pregsure recovery :

for Vo = 0, based

on entrance dynamic

pressure ‘ e Ol .95 .98 .97
Dynenic |Vi/Ve = O e 1.00 .99 1.00 1.00

Pregsure .8 ———— .69 .98 1,00 1.00
Racovery 1,2 —mme .96 .g& 1,00 1,00

1.6 ot 091 [ 1000 1-00

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

o1

OIALY "ON WY VOVN



NACA RM No. A7DI10 Fig. 1

NACELLE B

NACA
A-9151
i-7-46

Figure 1.- Sketch of the nacelles mounted on the wing panel.
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3~ tEFT FAGNT LNFT SCALE UNK
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5~ REAR LIFT SCALE LINK
§ - DRAG SCALL Ladt
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- INTAKE TO WiNG SPAR
4 12 MLENUN CHAMBER
Ftan . £2- REMOMRALE TAN CONE FAIRING
. i M WING SOAR

-T~46 AUCE X syt

Figure 2.- Model installation in test section.



AIRPLLANE WING ~ MODEL ~
SECTION: NACA 65,-2I0 ' WING AREA: 22.802 SQ FT.
ASPECT RATIO: 9 SCALE: 1:4617
TAPER RATIO: 2.5:I R
SEMI- SPAN: 58.15 FT QUARTER -CHORD LINE:
ROOT CHORD': 18.47 FT STRAIGHT

1=

= -

re,1335 b1—

SIl;

NATIONAL ADVISORY

-26986 b > COMMITTES FOR AERONAUTICS
SECTION TESTED |IN E )
WIND TUNNEL .

FAGURLE B,—~ L4 O~ ///6// CSOELD ALRCLANE SHOW NG SECT/ON
USEL NV TEST.
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Fig. 10 _ : NACA RM No. ATD10
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Fig. 12
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NACA RM No. ATDI10
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MODEL INSTALLATION IN I6-FOOT WIND TUNNEL

WING SECTION: NACA 65 -2i0, 4 =]

TAPER  RATIO 2.5:1 SPAN 10.0 FT.
ASPECT .RATIO 8 AREA .11 SQ.FT.
DIHEDRAL 3° M.A.C. : [.I180 FT.
NACELLE INCIDENCE -L5° ROOT CHORD [.587 FT.

PERCENT LINE STRAIGHT 25

-

1
o

b
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o el

Figure 20.- High-speed characteristics of nacelle A from
tests in the Ames 16-foot high-speed wind tunnel.
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LY EQUATION: Ax2+Bxy +Cy2:Dx + Exy +F=0
FUNCTION; Y= f (x)
c _ 4B PARAMETER: k= ec(a-d)-(a-b)e?
{cd - be)2
CONSTANTS: P = 2bck-¢
5 2{a-b+ B2K)
Q = ac /
2(a-b+bZK)
X - R = 2 -4ac?k
© A 4(a-b+brK)2
S - 2PQ
CONTROL POINTS Tz Q2
o: (o0,0) SOLUTION:
A:r (g, 0) Y=-Px+Q-TRxZ+Sx + 1
B: (b,c) ' -
G: (O,C)
D: (d,e )

A TANGENT POINT NATIONAL ADVISORY
a SHOULDER POINT COMMITTEE FOR AERONAUTICS
14 INTERSECTION OF TANGENT LINES

t@) FORMULAE FOR EVALUATING A CONIC EQUATION.

LY -

THE TANGENTS TO THE
REQUIRED CURVE AT THE POINTS
OF GONTACT O AND B ARE
OA AND AB. THE GIVEN
SHOULDER POINT THROUGH WHICH
THE CONIC CURVE ODB MUST
PASS IS D

o

THE GRAPHICAL CONSTRUCTION TO LOCATE ANY POINT P ON

THE CONIC CURVE S AS FOLLOWS:

1. DRAW LINES OE AND BG THROUGH D,

2. DRAW RADIAL LINE OF TO |INTERSECT BG AT H,

3. DRAW AH TO INTERSECT OE AT K,

4. DRAW BK, A LINE WHICH WILL INTERSECT HF AT THE
DESIRED POINT 23

OTHER POINTS ON THE CURVE ARE OBTAINED BY DRAWING OTHER
LINES THROUGH O AND B.

thy GRAPHICAL CONSTRUCTION TECHNIQUE FOR THE GENERAL CONIC.

AVCGURE 2). — WACELLE LOF7T/NG NME7TAHOLD.



